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Lunar sample rescarch is a continuation of the boldest, most historic, and most successful of NASA's missions
(ie, Apollo). Lunar sample research has provided the principal ground-truth for the earliest, and most
energetic, processes associated with global planctary differentiation (c.g, magma oceans). Lunar sample
research continues to provide fundamental scientific information about the origin of planetary crusts, mantles,
and cores, including the earliest history of Earth (e.g., giant impact that generated the Moon).

My research has involved the geochemical compositions of lunar glasses, both impact and volcanic varieties, in
order to constrain the compositions of the lunar highlands crust and the deep lunar mantle, respectively.
Experimental petrology at high pressures and temperatures on selected lunar volcanic glass compositions has
been important for constraining the depths of origin of these magmatic samples. In addition, high-precision
methods have been developed for analysis of several trace elements (e.g., S, CL V, Mn, Ni) in the volcanic
glasses. The principal advances in these cfforts have centered on the composition, origin, and implications of

lunar volcanic glasses.

- This research has succeeded in identifying twenty-four compositional varieties of lunar volcanic glass from the
six Apollo landing sites. Their compositions have been defined by high-precision electron microprobe analyses,
as well as by instrumental neutron activation analysis in some instances. These volcanic glasses are of scientific
significance because they are now generally recognized within the lunar science community to represent
samples of primary magmas from the lunar mantle. Experimental data on these compositions indicate that they
may be the products of partial melting processes at about 500 kilometers beneath the lunar surface. As such,
these volcanic glasses provide the scientific community with the clearest best geochemical and petrological _
window into the deep lunar interior of all samples returned from the Moon. The large diversity of chemical |
compositions represented among the twenty-four varieties of volcanic glass have provided strong constraints on
current models for the composition and structure of the deep lunar interior. In addition, the process of global
differentiation that affected the Moon during the first 200-300 million years has become better understood as a
result of this knowledge. Solid state convection and negatively buoyant magmas are two of the major processes
that determined the present state of the lunar interior. Furthermore, the enigmatic volatiles associated with the
eruption of all varicties of volcanic glass has recently become a focus of interest for this resecarch. These
volatiles define a paradox that conflicts with the origin of the Moon by a giant impact onto the early Earth.

In summary, these volcanic glasses have yielded the following process-related discoveries:
@ Diverse population of primary magmas reflecting a compositionally diverse mantle.
@ Buoyantly driven melt segregation and the prospects for negative buoyancy at low pressure.
@ Simultaneous eruption of compositionally distinct magmas not before seen on the Moon.
@ 500-kilometer depth of origin and rapid ascent of primary magma.
@ Enigmatic association with volatile-rich component in the lunar mantle.
® Constraints on global differentiation processes and solid-state redistribution of products.
@ Complex processes of volatilization and sublimation of volcanic volatiles during eruption.
@ Processes controlling the oxidation state of the deep lunar mantle.

Other results from this research include: (a) the role of Soret diffusion in generating systematic heterogeneities
within tektite glass; (b) constraints on the source materials of tektites using compositional systematics of these
natural glasses; (c) experimental calibration of a Cr-oxygen barometer for estimating the oxidation state of
magmas erupted on the Earth and Moon; (d) compositional constraints on the source regions of lunar
meteorites; and (¢) estimates on the bulk composition of the Moon and implications for its origin.



During this NASA-sponsored research, the author ... has served on three NASA panels, convened a scientific
workshop, and been a key-note/invited speaker at numerous NASA+LPl-sponsored conferences and
workshops. These activities, and others, are detailed in the abbreviated vita that is attached to this document.
Publications and abstracts that have resulted from this research support from NASA are also listed.
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